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Ehosphorescent and lumine^cenLcojijugated polymers and their use in electroluminescent 
assemblies 

The invention relates to phosphorescent or luminescent conjugated polymers, the emission 
thereof based on phosphorescence of covalently bonded metal complexes optionally in 
combination with fluorescence of the polymer chain, a process for the preparation thereof and 
the use thereof in electroluminescent arrangements. 

Electrically conductive organic and polymeric materials are increasingly being used in 
optoelectronic applications, such as, for example, light emitting diodes (LEDs), solar cells, 
laser diodes, field effect transistors and sensors. 

In addition to arrangements based on low molecular weight organic compounds applied by 
vapour deposition (Tang et aL, Appl Phys. Lett. 1987, 57, 913), polymers such as, for example, 
poly(p-phenylenes) (PPP), poly(p-phenylenevinylenes) (PPV) and poly-2,7-(fluorenes) (PF), in 
electroluminescent arrangements have been described (e.g. A. Kraft et aL, Angew. Chem. Int. 
Ed. 1998, 57, 402). 

The light emission in organic light emitting diodes usually preferably takes place through 
fluorescence processes. The electroluminescence (EL) quantum efficiency of an arrangement 
comprising a fluorescent emitter is, however, limited by the low theoretical ratio of singlet 
excitons (25%) to triplet excitons (75%), which are formed by electron-hole recombination, 
since the light emission takes place only from excited singlet states. The advantage of 
phosphorescent emitters is that both the singlet and the triplet states contribute to the light 
emission, i.e. the internal quantum efficiency may be up to 100% since all excitons can be used 
for the light emission. 

As a rule, the organic electroluminescence (EL) arrangements contain, in addition to the light- 
emitting layer, one or more layers comprising organic charge transport compounds. The 
fundamental structure in the sequence of the layers is as follows: 
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5 Light-emitting layer 

6 Electron-transporting layer 

7 Electron-injecting layer 

8 Top electrode 
5 9 Contacts 

10 Covering, encapsulation. 

The layers 1 to 10 constitute the electroluminescent arrangement. The layers 3 to 7 constitute 
the electroluminescent element. A hole-blocking layer may furthermore be present between 
1 0 light-emitting layer (5) and electron-transporting layer (6). 

This structure describes the most general case and can be simplified by omitting individual 
layers so that one layer performs a plurality of tasks. In the simplest case, an EL arrangement 
consists of two electrodes between which there is an organic layer which performs all functions 
15 - including the emission of light. 

Multilayer systems in LEDs can be built up by chemical vapour deposition methods (CVD) in 
which the layers are applied successively from the gas phase, or by casting methods. The 
chemical vapour deposition methods are used in combination with the shadow mask technique 

20 for the production of structured LEDs which use organic molecules as emitters. Such gas-phase 
processes which have to be carried out in vacuo and cannot be operated continuously are, 
however, expensive and time-consuming. Application processes from solution, such as casting 
(e.g. spin-coating) and printing processes of all types (inkjet, flexographic printing, screen 
printing, etc.) are generally preferred because of the higher process speeds, the lower 

25 complexity of the apparatus and the associated cost saving. The printing technique, in particular 
the inkjet technique, for structuring polymeric emitters is currently receiving a great deal of 
attention (Yang et al. Appl. Phys. Lett 1998, 72 (21), 2660; WO 99/54936). 

The incorporation of phosphorescent dopants into organic LEDs has been proposed for 
30 increasing the efficiency of the electroluminescent arrangements. For the use of the bis(2- 
phenylpyridine)iridium(m) acetylacetonate [(ppy) 2 Ir(acac)] complex, which phosphoresces 
green, as a dopant in EL arrangements, external EL efficiencies of 19% were determined (C. 
Adachi et al., J. Appl Phys. 2001, 90, 5048). 



35 



To date, mainly electroluminescent arrangements comprising phosphorescent dopants ("small 
molecules") have been described. In general, a metal complex phosphorescing at room 
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temperature (e.g. iridium(III) complex or platinum(II) complex cyclometallated via carbon- 
nitrogen) is randomly distributed in an organic molecular or polymeric matrix by vacuum 
vaporization processes. Furthermore, the doping can be effected by dissolution of dopant and 
organic matrix together in a solvent and subsequent application by a casting process (e.g. S. 
5 Lamansky, Organic Electronics 2001, 2, 53). 

Soluble low molecular weight iridium complexes having bulky fluorenyl-pyridine or fluorenyl- 
phenylpyridine ligands, which are accessible to application from solution but have only very 
low EL efficiencies of 0.1% in EL arrangements, were recently synthesized (J.C. Ostrowski et 
1 0 al., Chem. Commun. 2002, 784-785). 

The disadvantages of the low molecular weight phosphorescent emitter materials in EL 
arrangements are extinction processes, in general and in particular the reduction in the 
luminous efficiency at relatively high current densities, which is caused by saturation of the 
15 emitting centres owing to long phosphorescence lifetimes and/or by migration processes of the 
dopants (M.A. Baldo et al., Pure AppL Chem. 1999, 71 (11), 2095). 

The direct covalent linkage of phosphorescent metal complexes to polymers was recently 
reported. US 0015432 Al describes iridium metal complexes which are complexed with the 

20 conjugated polymer backbone via diaza-(bipyridyl) ligands. The polymers described are 
charged and are surrounded by opposite ions (polyelectrolytes), resulting in migration in an 
electric field, which migration has a disadvantageous effect on the stability of the arrangements. 
The light emission of these polymers is, however, limited to the orange-coloured or red spectral 
range. EP 1 138 746 A 1 describes branched conjugated or partly conjugated polymers which 

25 may contain a phosphorescent metal complex, a disadvantageous effect being that, owing to the 
choice of the monomers, an interruption in the conjugation and consequently an undesired 
shortening of the conjugation length are brought about, resulting in a deterioration in the 
transport of charge carriers by the layers. Furthermore, owing to the use of iridium-monomer 
mixtures, it is not possible to prepare polymers having a defined composition, which is likewise 

30 disadvantageous for charge carrier transport by the layers. WO 01/96454 Al describes polymer 
matrices based on aromatic repeating units which may contain a luminescent metal complex. 

For the production of polymeric LEDs having high luminous efficiencies, there is a 
considerable need for efficient electrophosphorescent polymer emitter materials which can be 
35 processed by simple and economical casting or printing methods and lead to high external 
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the danger of a reduction in the long-term stability owing to separation, crystallization and/or 
migration of the low molecular weight dopants in the emitter layer. 

The choice of a plurality of emitter components has a further serious disadvantage, so-called 
5 "differential ageing" of the individual emitter components, i.e. the rapid fading of the 
individual emitters to different degrees, which results in a shift in the colour location away 
from the white point - often also referred to as the achromatic point. 

Many of the white light emitting diodes known to date exhibit a dependence of the colour 
10 location on the applied voltage and brightness since various emitter components are used, 
which in each case have different current-voltage-brightness characteristics. 

To date, only two examples based on polymeric white one-component emitter materials have 
been described in the literature: 

15 

Lee et al., Applied Physics Letters 2001, 79(3), 308, describe a copolymer comprising 
oxadiazole, phenylene-vinylene and alkyl ether units which emits white light in a one-layer 
light emitting diode. The maximum efficiency is only 0.071 cd/A, the operating voltages are 
very high, the current flow is low and the light emitting diode exhibits a considerable 

20 dependence of the colour location on the voltage (12 V blue-green, 20 V virtually white). Zhan 
et al., Synthetic Metals 2001, 124, 323 investigated a copolymer comprising diethinylfluorene 
and thiophene units which emits white light in a two-layer structure (copper phthalocyanine 
hole-injection layer and polymer emitter layer). The external quantum efficiency is only 0.01%, 
electroluminescence is detectable only above a voltage of 1 1 V and the current flow through the 

25 device is low (23.7 mA/cm 2 at 19 V). Owing to their low efficiencies and unsatisfactory 
current-voltage-brightness characteristics, both examples are of no relevance for industrial use. 

A further object was to provide one-component emitter materials which emit white light and 
can be processed from solution. These should preferably exhibit efficient white emission in the 
30 simple device structure itself, for example in the two-layer structure (hole-injection layer and 
emitter layer). 

Surprisingly, it has now been found that phosphorescent polymers which are conjugated and 
neutral and contain at least one covalently bonded phosphorescent metal complex are suitable 
35 for use as emitter materials, for example in abovementioned LEDs, and are accessible to 
application from solution. 
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The present invention therefore relates to phosphorescent polymers which are conjugated and 
neutral and contain at least one covalently bonded phosphorescent metal complex. 

In the context of the invention, conjugated means that the main chain of the polymers may be 
either completely conjugated or partly conjugated. A large conjugation length in the main chain 
is advantageous for good charge carrier transport, and polymers having such a conjugation 
length are therefore preferred, in particular polymers having a completely conjugated main 
chain. 

The phosphorescent conjugated polymers according to the invention are preferably straight- 
chain, which, in the context of the invention, means that they can in some cases contain only 
short side chains which serve for the covalent linkage of the phosphorescent metal complexes 
but are not growth sites of the polymer and hence not branching points. 

The phosphorescent conjugated polymers according to the invention exhibit 
electrophosphorescence, i.e. phosphoresce - for example in the OLED - as a result of electrical 
excitation. However, they may also be caused to phosphoresce by optical excitation. 

These are preferably phosphorescent conjugated polymers which contain at least one 
phosphorescent metal complex covalently bonded via at least one ligand L 1 , where the ligand 
L 1 represents units selected from the formulae I to XXDCc 
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10 




XXIXb 




XXIXc 



are identical or different and, independently of one another, represent H, F, CF 3 , a 
linear or branched Ci-C 22 -alkyl group, a linear or branched Q-C^-alkoxy group, an 
optionally Q-Cso-alkyl-substituted Cs-Qo-aryl unit and/or an optionally Ci-C 3(r alkyl- 
substituted heteroaryl unit having 5 to 9 ring C atoms and 1 to 3 ring hetero atoms from 
the group consisting of nitrogen, oxygen and sulphur, and/or represent a linear or 
branched, partly fluorinated or perfluorinated d-C 22 -alkyl group, a linear or branched 
Ci-C 22 -alkoxycarbonyl group, a cyano group, a nitro group, an amino group, an 
alkylamino, dialkylamino, arylamino, diarylamino or alkylarylamino group or represent 
an alkyl- or arylcarbonyl group, alkyl denoting d-Cao-alkyl and aryl denoting C5-C20- 
aryl, and 
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Ar 



represents optionally substituted phenylene, biphenylene, naphthylene, thienylene 
and/or fluorenylene units. 



5 In the phosphorescent conjugated polymers according to the invention, L 1 may be either a 
component of the conjugated main chain, directly covalently bonded to the main chain as one 
of the abovementioned side chains or may be covalently bonded to the main chain via a linker, 
referred to below as spacer, or may be a component of the terminal groups of the polymer. 

10 In the phosphorescent conjugated polymers according to the invention, L 1 is preferably either a 
component of the conjugated main chain or a component of the terminal groups. 

Li preferred embodiments of the present invention, L 1 in the phosphorescent conjugated 
polymers according to the invention is a component of the terminal groups. 



In the case of coordination to the metal centre, H can optionally be eliminated from the_. 
abovementioned ligand units L 1 at the corresponding coordination sites, so that L 1 in the 
phosphorescent conjugated polymers according to the invention then describes the 
abovementioned structure without these optionally eliminated H atoms. This may be the case 
20 from original hydroxyl groups, in particular with coordination via carbon coordination sites and 
oxygen coordination sites. The same applies to the ligands L 2 and L, which are first mentioned 
below. 

The present invention particularly preferably relates to phosphorescent conjugated polymers 
25 which contain repeating units of the general formulae A and B-I or A and B-II or have a 
structure of the general formulae C or D 
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in which 

Ar 1 , Ar 2 and Ar 3 are identical or different and, independently of one another, represent 
optionally Ci-C 30 -alkyl-substituted C 5 -C 2(r aryl units and/or optionally C,-C 30 -alkyl- 
substituted heteroaiyl units having 5 to 9 ring C atoms and 1 to 3 ring hetero atoms 
from the group consisting of nitrogen, oxygen and sulphur, 

L 1 and L 2 are identical or different and 

L 1 has one of the abovementioned meanings, in the case of structures B-II, C and D one of 
the two linkage positions - if a second is present - being saturated by H, F, CF 3 , a linear 
or branched d-C 22 -alkyl group, a linear or branched C,-C 22 -alkoxy group, an 
optionally C,-C 3 o-alkyl-substituted C 5 -C 20 -aryl unit and/or an optionally C,-C 30 -alkyl- 
substituted heteroaryl unit having 5 to 9 ring C atoms and 1 to 3 ring hetero atoms from 
the group consisting of nitrogen, oxygen and sulphur and/or by a linear or branched, 
partly fluorinated or perfluorinated Q-C^-alkyl group, a linear or branched Cj-C^- 
alkoxycarbonyl group, a cyano group, a nitro group, an amino group, an alkylamino, 
dialkylamino, arylamino, diarylamino or alkylarylamino group or by an alkyl- or 
arylcarbonyl group, alkyl denoting Q-Qo-alkyl and aryl denoting C 5 -C 20 -aryl, and 

L 2 , independently of L 1 , has one of the meanings mentioned above for L 1 , the two linkage 
positions independently of one another - or the linkage position if no second linkage 
position is present - being saturated by H, F, CF 3 , a linear or branched d-C 22 -alkyl 
group, a linear or branched Q-C^-alkoxy group, an optionally C,-C 30 -alkyl-substituted 
Cs-Qo-aryl unit and/or an optionally Q-Qo-alkyl-substituted heteroaryl unit having 5 
to 9 ring C atoms and 1 to 3 ring hetero atoms from the group consisting of nitrogen, 
oxygen and sulphur and/or by a linear or branched, partly fluorinated or perfluorinated 
Q-C^-alkyl group, a linear or branched Q-C^-alkoxycarbonyl group, a cyano group, a 
nitro group, an amino group, an alkylamino, dialkylamino, arylamino, diarylamino or 
alkylarylamino group or by an alkyl- or arylcarbonyl group, alkyl denoting Ci-C 30 - 
alkyl and aryl denoting Cs-C^-aryl, and linkage positions being understood as meaning 
the positions marked with * in the formulae I to XXIX, 
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the ligands L 1 and L 2 complex the metal M in a chelate-like manner, 
M represents iridium(III), platinum(II), osmium(II), gallium(m) or rhodium(m), 
5 n represents an integer from 3 to 10 000, 
z represents an integer from 0 to 3 and 

Sp is a spacer, in particular a linear or branched C 2 -C 15 -alkylene unit or a Q-Qs- 
10 heteroalkylene unit having 1 to 3 chain hetero atoms from the group consisting of 

nitrogen, oxygen and sulphur, a Cs-Qo-arylene unit and/or a heteroarylene unit having 
5 to 9 ring C atoms and 1 to 3 ring hetero atoms from the group consisting of nitrogen, 
oxygen and sulphur, or a Ci-Ci 2 -alkylenecarboxylic acid unit or Ci-C, 2 - 
alkylenedicarboxylic acid unit or a Ci-C 12 -alkylenecarboxamide unit or a C,-C 12 - 
1 5 alkylenedicarboxamide unit. 

In the context of the invention, the general formula D is to be understood as meaning that Ar 1 
and Ar 2 are different and form a copolymer chain which contains repeating units -Ar 1 - and 
-Ar 2 - which are distributed alternately, in the form of blocks or randomly, it being possible for 
20 the copolymer chain to contain a percentage amount of from 0.1 to 99.9% of the repeating units 
-Ar 1 - and a percentage amount of from 0.1 to 99.9% of the repeating units -Ar 2 -, with the 
proviso that the two amounts give 100% when summed. The total number of all repeating units 
-Ar 1 - and -Ar 2 - in the polymer is n. 

25 Where Ar 2 and Ar 3 in the repeating unit B-Ia are identical to Ar 1 in the repeating unit A, the 
phosphorescent conjugated polymer according to the invention, corresponding to the above 
formulation, contains repeating units of the general formulae A and B-Ib 
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in which Ar 1 , L 1 , L 2 , M and z have the abovementioned meaning. 



For the purposes of the invention, the polymers according to the invention containing repeating 
units of the general formulae A and B-I, i.e. B-Ia and B-Ib, or B-II may also each contain a 
plurality of different units, in particular two different units, of the general formula A, i.e. a 
plurality of different units of the general formula A and units of the general formula B-I, i.e. 
B-Ia and B-Ib, or B-II. 

The invention particularly preferably furthermore relates to phosphorescent conjugated 
polymers which contain repeating units of the general formulae A and B-Ia, A and B-Ib or A 
and B-II or have a structure of the general formulae C or D, 



selected from thiophene units of the formulae XXX and XXXI, benzene, biphenyl and 
fluorene units of the formulae XXXII to XXXIV and/or heterocycles of the formulae 
XXXV to XXXXXIV and/or units of the formulae XXXXXV to XXXXXXm, 



in which 



Ar 1 



\ Ar 2 and Ar 3 are identical or different and, independently of one another, represent units 
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XXXXXXIII 



in which 

R are identical or different and, independently of one another, represent H, F, CF 3 , a 
linear or branched Ci-C^-alkyl group, a linear or branched d-C 2 2-alkoxy group, an 
optionally C!-C 3 o-alkyl-substituted C 5 -C 2 o-aryl unit and/or an optionally Q-Cao-alkyl- 
substituted heteroaryl unit having 5 to 9 ring C atoms and 1 to 3 ring hetero atoms from 
the group consisting of nitrogen, oxygen and sulphur and/or represent a linear or 
branched, partly fluorinated or perfluorinated C!-C22-alkyl group, a linear or branched 
Ci-C 22 -alkoxycarbonyl group, a cyano group, a nitro group, an amino group, an 
alkylamino, dialkylamino, arylamino, diarylamino or alkylarylamino group or represent 
an alkyl- or arylcarbonyl group, alkyl denoting Q-Cao-alkyl and aryl denoting C5-C20- 
aryl, and 

L 1 and L 2 are identical or different and have the abovementioned meanings and M, n, z and Sp 
have the abovementioned meanings. 

These are particularly preferably phosphorescent conjugated polymers which contain repeating 
units of the general formulae A and B-Ia, A and B-Ib or A and B-II or have a structure of the 
general formulae C or D 

in which 

Ar\ Ar 2 and Ar 3 are identical or different and, independently of one another, represent units 
selected from thiophene units of the formulae XXX and XXXI, benzene, biphenyl and 
fluorene units of the formulae XXXII to XXXIV and/or units of the formulae 
XXXXXVI toXXXXXX 
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5 R has one of the abovementioned meanings, 

M represents osmium(II), iridium(III), platinum(II) or rhodium(m), 
n represents an integer from 5 to 500, 
z represents an integer from 1 to 3 and 

Sp represents a Ci-C 6 -alkyleneoxy or a C,-C 6 -alkylenecarboxylic acid or a C,-C 6 -alkylene 
dicarboxylic acid. 



15 



These are very particularly preferably phosphorescent conjugated polymers which contain 
repeating units selected from the following general formulae A and B-I-l to B-I-6 or A and 
B-II-1 to B-n-4 or have a structure of the general formulae C-l, C-2 or C-3 or D-l, D-2 or D-3 




At 1 represents units selected from 
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preferably represents units selected from 



5 




At 1 represents units selected from 




L represents ligands selected from 




CN 



15 

R ! represents dodecyl, 



represents n-octyl and 2-ethylhexyl, 
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R 3 represents methyl and ethyl, 
R 4 represents methyl and n-hexyl, 
R 5 represents methyl and phenyl, 

R 6 represents H, a linear or branched CVQ^-alkyl group or a linear or branched C,-C 22 - 
alkoxy group, 

Z represents a CH 2 or C=0 group and 

n has the abovementioned meaning. 

In preferred embodiments of the invention, L or L 2 represents in particular ligands selected 
from the following 




CN 



The resulting phosphorescent polymers according to the invention are particularly suitable as 
red emitters. 

The sum of the number of repeating units A and B, B below representing the general formulae 
B-I (i.e. B-Ia or B-Ib) or B-II and representing the preferred general formulae B-I-l to B-I-5 or 
B-I-6 or B-II-1 to B-II-4, is p, where p represents an integer from 3 to 10 000, preferably 
represents 5 to 500. The repeating units A and B may be distributed alternately, in the form of 
blocks or randomly in the polymer. The percentage amount of the repeating units A, based on 
the total number of repeating units in a polymer, may be from 0 to 99.9%, preferably from 75.0 
to 99.9%; the percentage amount of the repeating units B, based on the total number of 
repeating units in a polymer, may be from 0.1 to 100%, preferably from 0.1 to 25%, with the 
proviso that the two percentage amounts give 100% when summed. 
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In the context of the invention, all radicals R in the abovementioned units L 1 , L 2 , Ar 1 , Ar 2 or 
Ar 3 may be identical or different in different units from among these units and may also be 
identical or different within one of these units. 

5 

The positions marked with * in all preceding and following general formulae, also referred to 
as linkage positions, are to be understood as meaning the positions via which linkage of the 
respective unit to further identical or different units can be effected. 

10 At the terminal groups of the phosphorescent conjugated polymers according to the invention, 
preferably either phosphorescent metal complexes are bonded via a ligand L 1 , such as, for 
example, in the case of phosphorescent polymers according to the invention which have 
structures of the general formulae C, C-l, C-2 or C-3 or D, D-l, D-2 or D-3, or the free linkage 
positions are preferably saturated by H or aryl, particularly preferably phenyl, for example in 

15 the case of phosphorescent polymers according to the invention which contain repeating units 
of the general formulae A and B. 

In a preferred embodiment, the phosphorescent conjugated polymers according to the invention 
have an advantage over known phosphorescent polymers in that they have a defined 

20 composition, a defined composition in this context not being related to the chain length; the 
phosphorescent conjugated polymers according to the invention as well as the uncomplexed 
ligand polymers have a chain length distribution or molar mass distribution (M w ). This defined 
composition is the result of the specific preparation of uncomplexed ligand polymers which can 
be readily purified and unambiguously characterized and then complexed with corresponding 

25 transition metal precursor complexes. 

Surprisingly, it has furthermore been found that phosphorescent conjugated polymers exhibit 
fluorescence in the conjugated main chain in addition to the phosphorescence of the covalently 
bonded phosphorescent metal complex or complexes emit white light and can be processed 
30 from solution. 

Such phosphorescent polymers according to the invention are referred to below as luminescent 
polymers. 

35 For a better overview, the numbering of the structures for the luminescent polymers according 
to the invention and for the components thereof is independent of that of the phosphorescent 
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polymers according to the invention. Numberings for structures of the luminescent polymers 
according to the invention and for components thereof are in brackets and are therefore easily 
distinguishable from those for phosphorescent polymers according to the invention and 
components thereof. 

5 

The present invention therefore relates to luminescent polymers, characterized in that they have 
a conjugated main chain and contain at least one covalently bonded metal complex, the 
luminescence being a combination of the fluorescence of the conjugated main chain and of the 
phosphorescence of the covalently bonded metal complex or complexes. 

10 

In the context of the invention, conjugated means that the main chain of the polymers may be 
either completely conjugated or partly conjugated. A large conjugation length in the main chain 
is advantageous for good charge carrier transport, and polymers having such a conjugation 
length are preferred, in particular polymers having a completely conjugated main chain. 

15 

The luminescent polymers according to the invention are preferably straight-chain, which, in 
the context of the invention, means that they may contain in some cases only short side chains 
which serve for the covalent linkage of the phosphorescent metal complexes but are not growth 
sites of the polymer and therefore not branching points. 

20 

The luminescent polymers according to the invention exhibit electroluminescence, i.e. 
luminesce - for example in the OLED - as a result of electrical excitation. However, they can 
also be caused to luminesce by optical excitation. 

25 The luminescent polymers according to the invention preferably emit white light. In the context 
of the invention, white light is to be understood as meaning light which is defined by a colour 
location in the chromaticity diagram according to CLE 1931 (Commission Internationale de 
PEclairage), it being possible for the colour coordinate x to have values of from 0.20 to 0.46 
and, independently of x, for the colour coordinate y to have values of from 0.20 to 0.46. This 

30 means that, in the context of the invention, white light is white or white-like light having a 
colour location, defined by the colour coordinates x = 0.33 ± 0.13 and y — 0.33 ± 0.13 in the 
chromaticity diagram according to CIE 1931, it being possible for x and y, independently of 
one another, to represent identical or different values of from 0.20 to 0.46. The value ranges 
stated for the colour coordinates are continuous value ranges. Particularly preferably, the 

35 luminescent polymers according to the invention emit white light which is defined by a colour 
location in the chromaticity diagram according to CIE 1931, it being possible for the colour 
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coordinate x to have values of from 0.28 to 0.38 and, independently of x, for the colour 
coordinate y to have values of from 0.28 to 0.38. 

In the context of the invention, the emitted light is a combination of the fluorescence of the 
5 conjugated main chain and of the phosphorescence of the covalently bonded metal complex or 
complexes, the emitted light of which, considered individually in each case, may differ in 
colour from white and this is also preferred. It is only the additive colour mixing, for example 
of emitted light of the primary colours red, green and blue or of a mixture of complementary 
colours that enables the emitted light to appear white as a whole. 

10 

The invention preferably relates to luminescent polymers in which the metal complex or 
complexes, which may be identical or different, are covalently bonded to the chain ends of the 
conjugated main chain. 

15 These are particularly preferably luminescent polymers which have a structure of the general 
formula (la) or (lb) 

L 2 Z ' M— L— [— Ar 1 -]^-!.— M-'L 2 Z (I a ) 

L 2 2 » M— L l |(Ar 1 t Ar 2 )^L— M •••• L 2 2 

20 

in which 

Ar 1 represents units selected from optionally substituted phenylene units (Ha) or (lib), 
biphenylene units (He), fluorenylene units (Ed), dihydroindenofluorenylene units (He), 
25 spirobifluorenylene units (Hf), dihydrophenanthrylene units (Hg) or 

tetrahydropyrenylene units (Eh) 




(no) R (np) (Hq) 



L 1 and L 2 in each case are identical or different and 




<»fe- 1 > (lllb-1) C»C-1) pj^j 



in which 

10 Ar represents units selected from optionally substituted phenylene, biphenylene, 
naphthylene, thienylene or fluorenylene units, 



L 2 , independently of L 1 , is a ligand selected from units of the formulae (IVa-1) to (TVy-1) 




(IVa-1) (iVb-1) (ivc-i) 




(IVH) (IVj-1) (|Vk-1) 




0V/-1) (IVm-1) (ivn-1) 




(IVr-1) 



(IVs-1) 
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R «? 




R HO R 

(IVv-1) 





(IVu-1) 




HO 



(lVw-1) 



O o 
R 



(IVy-1) 



theligandsL 1 and L 2 complex the metal M in a chelate-like manner, 

represents iridiumOU), platmum(II), bsmiumOD or rhodium(in), 



M 



n 



10 



15 



^ an mfeger — » - «"»» * *~ " * !T 

preferably from 20 to 1 000, very partioolarly preferably tan 40 to 500, 

is an integer from 1 to 3 and 

M e idennea, or different radieals and, independenfly of one anorber represent R F 
CFj . linear or branehed C-Cr-aW g~np, . »- - ^ *— * " 

pelo.na.ed S™P, a Ibrear or branebed C^y 

opnonally C-Ca.kyl-anbs.in.fed C s -C„-aryl nni. and/or an opnonally C-C-alkyl 
blfe4 beferoary, uni, bavnrg 5 ,0 , *,g C aroms and 1 .0 3 ring befero atoma from 
^ ff „np consrsmrg of nmogen, oxygen and anlpbnr and/or repreaen, a near o 
lid party fluorinafed or perfloorinafed CC^W ironp, a hnear or branebed 
"t-alWclbonyl gtoop, a eyano gronp, a ni.ro gronp, an amino gronp, an 
^mmo, di.Wam.no, ary^o, d.arylannno or alkylarylammo group or 
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denoting C 5 -C 2 o-aryl. 
distribution. 

10 ^ »*— —7 * *l;t^i «. -»». «* - 

oxygen coordination sites. 

15 ^se are ver, P— P~ — ^ > ~* « " 

" general formulae (Ia-1), (Ia-2), (Ib-1), (Ib-2), QW) or 0W> 



(la-1) 
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fluorinated or perfluorinated C-C^-alkyl group and 
Ar 1 , Ar 2 and L 2 have the abovementioned meaning. 
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15 



In the context of the invention, the general formulae (Ib-1), (Ib-2) and (Ib-3) are to be 
understood as meaning that Ar 1 and Ar 2 are different and form a copolymer cham winch 
contains repeating units -Ar 1 - and -Ar 2 - distributed alternately, in block form or randomly, it 
being possible for the copolymer chain to contain a percentage amount of from 0.1 to 99.9% of 
5 the repeating unit -Ar'- and a percentage amount of from 0.1 to 99.9% of the repeating umt 
-Ax 2 -, with the proviso that the two amounts give 100% when summed. The total number of all 
repeating units -Ar 1 - and -Ar 2 - in the polymer is n. 

The present invention also preferably relates to luminescent polymers in which the metal 
10 complex or complexes, which may be identical or different, are covalently bonded to the 
conjugated main chain. 

These are particularly preferably luminescent polymers which contain n repeating units of the 
general formulae (Ic-1) and (Id) or (Ic-1), (Ic-2) and (Id) 

*+ Ar +* *-r-Ar 2 — h 

(ic-i) ac-2) 

M 

(Id) 
in which 

Ar 1 represents units selected from optionally substituted phenylene units (Ha) or (lib), 
biphenylene units (He), fluorenylene units (Hd), dihydroindenofluorenylene units (He), 
25 spirobifluorenylene units (Hf), dihydrophenanthrylene units (Eg) or 

tetrahydropyrenylene units (Eh) 



20 




differs from Ar 1 and represents units selected from (Ha) to 
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L 1 and L 2 in each case are identical or different and 
L ' is a ligand of the formulae <ffla-2) to (DB-l) 
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(llla-2) 



(llla-3) ("la" 4 ) 
OH 



(Ulc-2) 



(lllc-3) 





(Hld-3) 



R R 




independently ofL 



, is a ligand selected from units of the formulae (TVa-1) to (TVy 
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M 



10 



15 



the ligands V and L 2 complex the metal M in a chelate-like manner, 

represents iridium(ffl), platinum?!), osmium(II) or rhodium(III), 

is an integer ^m 3 to 10 000, preferably fr^^^ 
20 to 1 000, very particularly preferably from 40 to 500, 

represents an integer from 1 to 3 and 

„ idendoal or differ radios and, independendy »■ - — ."•"«« * * 
CF, . ..near or branched C^W group, a tear or branched parfly fluonnated or 
^norinaled C,-C^y> S™P. a — « *— 

„puonaI.y C-Co-a.tyl— ed C-C-ary. uni, and/or an optionally C^W 
1^. he,eroary. uni, having 5 .0 9 rin s C a,onrs and 1 ,o 3 rin g he«o a,on* *« 
te ^up eonsisdng of nitrogen, o»,gen and sulphur and/or rep^sen, a hnear 
hranehed, parfly ftuorinated or perflu^inaten C,^-aU*> roup, a Inrenr or branchec^ 
C-C-aTkoxyenrbonyl group, a eyano group, a ni.ro group, an annuo group, an 
^no.aalhyla^^^ 
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5 



an , W . or aryicaAony, group, aKy. denoting and aryl denoting CrfV 

aryl. 

Ik. are very pWcuWy preferab.y tanmesoen, powers whieh eon* n repeating uni* of 
the general formulae flc-1) and (Id-1) 



._|-Ar4-* 

(Ic-1) 




(Id-1) 



10 inwhich 



i. a r r alio,, erouo or a linear or branched partly 
R represents a linear or branched C-Qz-alkyl group or 

fluorinated or perfluorinated C 1 -C 22 -alkyl group and 
15 n, Ar 1 and L 2 have the abovementioned meaning. 

V. sum » f tire — of repeanng nnira (le) and (Id), where W **" £ ^ 

formulae (W) or (fc-1) and (Ic-2) and (Id) represema the genera! formulae (Id) or (Id-1), .sr., 

20 37,0 000, very pa— prefembly from 40 ,o 5 00, »d, m «. con- 

*. tata— polyn- aoeording .o ft. invention ean preferab,y have a molar mass 
distribution. 

25 ft. repeating mails 04 and 0 d) n»y he distiibmed M in W fonn or mod„mly m 
» - percent amo», of rhe repeating nnirs «c>, W . on * ------ 

repeating onto in a polymer, may he fan 0.! «o 99.9%, preferaHy from 75.0 . MA the 
« amonn, of me repeating nnirs (Id), baa* on tire «- nnmher „, repeating « 
poWrrnay he from 0.1 .0 100%, preferably ffom 0, ,0 25%, w«h fhe provrso *a. 
30 p!"— give 100% when snmmed. In preferred embodiment ,he percenmge 
I r f tire repeating unns (*>, based on tire «. numher of repeating urn* m a po ^ 
roy tie faa 0.0, ,o .5%, preferaHy from 0.01 ,o ,0%, pa— prefemHy from 0.0, ,o 



10 



■ tc Ar .x v, aS ed on the total number of repeating 
5 o/ 0 ; the percentage amount of the repeatmg umts (Ic), based on ^ 

tc in these preferred embodiments of the luminescent polymers according to tn 
units in these preferre ^ fe ^ ^ . preferably 

can accordingly be from 85 to 99.99/0, prei y 

from 95 to 99.99o/„, likewise with the proviso that the two percentage amounts give 100 / 

fc preferred embodiments of the luminescent polymers according to the invention, V 
represents ligands selected from units of the formulae 



nf these preferred embodiments can optionally also contain those 
The luminescent polymers of these preierrea ei 

ligands selected from units of the formulae 





15 



20 




in addition to the abovementioned units for L 2 . 
of the formulae 




OR 

•o- 




R R 



25 



in which 

R represents a linear or branched Cl -C M -alkyl group. 
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>: oil radicals R in the abovementioned units L\ L 2 , Ar 1 , Ar 2 or 

r-rr.- - ~ — - - - - - * 

identical or different within one of these units. 

v a with * in all preceding and following general formulae, also referred to 

^ve u„,« to further ideated or differ, units can take place. 

At fc terminal .caps (mmun, — > - £~£ZZ2Z 

fc — , ^ :::: — . - — - 

3) , or the free ^ — , : - — - 

phenyl, for example in trie case 01 urn 

contain repeating units of the general fonnnlac (Ic) and (H). 

a - „ *, .he invention are obtained when the conjugated polymer 
Luminescent polymers according to the invention _ _ COIW lexc S are chosen 

U oham and the cova.en.ly Wed phosphorescent ^ ^ 

. complexes - leads to fluorescence of the conjugated mam chain. 

5 ^ may ho explained hy way of example «- — » ^ " ^ 
^ man, chain cmtidn, Huoremy, repeanmg urn _ ^ 

phosphorescence, rhen energy A part of the excitation energy is converted mto 

30 

iridium complex or complexes. 

polyfluorene main chain to the iridium complex or complexes. 
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15 



♦ rtlvm er S according to the invention can be distinguished 

* "»*— " sconce spectia, * — * *- 

« toe basis of to — spec„ <e. ^spborescence spectra 
of.baphoaphorcacen.polymersaccordmg.oU.cmvenBo typ 

md have phosphorescence banda bu, no fluorescence bands. °" " ^eoee bands * 

addihon to the phosphoreacence banda. Ftg. 1 shows W ^ 

a phosphorescent — " ^ fc bte 

p„ lym er according to <he invention, n, wb,eb the supetpos 

hand, Fig. 2 shows, for comparison, an electron! 
fluorescence bands of the polyfluorene. 

el ectrolununescence, ~ ftr P ^ ^ ^ 

H^^«^ te ^ to, 3^1 t P cr descent polymer according to the 
electroluminescence spectrum of a phosphorescent or ecolourofthe 
invention may differ from its photoluminescence spectrum and consequently 
Tied light Ly also differ according to excitation (electrical or optical, 

• ^ermore relates to a process for the preparation of the phosphorescent or 
The invention furthermore relates to p ed ligand polymers being 

preferably iridium(ffl) precursor complexes, in panic 



25 



(L^IrOi-CDsfr^ 
E 



30 



35 



in which L 2 has the abovementioned meaning. 

tnflooromethanesnlphonate, m organs solvents or 

Hgand L> complexes the hansition me,a. in a eheUfc-bto manner bod, vta 
sites and via nitrogen coordination sites. 
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15 



, , ^ are all polymers containing repeating units of the general 
Uncomplexed ligand polymers are all poiyme 

formula A or (Ic) and/or F 

*~\~ x — "H 



. „ f i r i Ar 2 Ar 3 or the abovementioned 

tachrmahzed a, .he chain ends in each case wth a hgand L aecordmg 
general formulae C or D ot (la) or (Ih) or saturated by H or aryl. 

iridium — * in «- Polymer » » *■* — ^ n ^ iridium precursor 
rati „ of hgand polymer to transition metal precursor complex, rn pa*. 



complex. 



!0 Tie syntheses of me hidium precox compte.es a^ - - ~ « 
S.Sprouse.K.A.King.PXSpeHane.KX Wana,, J y „ fc 

WO 01/4.5.2 Al. H« «— o£ me hgand pol,m» - * ^ J 
— descrihen in me merahne, e.g. T. Vamamom ^ ^ ^ 
10389-10399, T. Yamamoto et al., A*"™"** 199J - 25 ' 

25 Jta»»ofa*te 1998, 3J, 1099-1103. 

^h^ — nxtic: — tsr 

30 ^^h^andhigh^^e^mBX^^. 

,. to the invention are likewise accessible to application 
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15 



„ of ennner materials of different * - - ~ - ^ ^ 
in one step without additional doping or blending. 

advantage » poller and phosphorescent couple, ^J tion p^ses have 

couple* therefore canno, crystal. Such separahon and crys— ^ ^ 
J^y -en descnbed for h.end systems censisnng of pnlyn- and ad™** w m 
wei ^hHd i umeon T .e X es(Nohe t .h, I oon»UfChem i ea 1 Phys,es2003,U 8 (6),28 5 

S—y, . has heen foond « *e — ^ T — » re 

""T advance of emi,ong even a, ** operafing and 

different speetra. ranges. They h^ ctar ae«ns«ies and produce 



emitter layer). 



particularly suitable for use as enutter tnr<? or displays (TV, computer monitor), for 

i ^ t fd<i laser diodes, m mdicators or displays vi v , v 
SO organic or polymeric LEDs, laser dio • nrion elements in flat panel light sources, as 

the backlighting of LCDs and watches, as illumination elements m P 

« ™r.K4le communication devices, m displays iui ^ 
billboards and information signs, in mobile commun illuimna tion 

r=rr=r - : : — - - 

25 displacement systems, etc. 

30 prodnction of displays by combination with eolonr filters. 

^ nse of the phosphorescent or luminescent Pn.ymers according to ore invention aa emitters 
inligh ,-™«ing consents ,s therefore dsn according toft, invent. 



35 



that extinction processes which lead to a reduction 
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H a These oeeur to a greater extent »uh inking concentration (local 

n. of .ow m„lecu,ar wergh, miners, owing » «*— !™ * 
accumulation) m tne cas>c ux iridium complexes 

i,^o^c ar»rnrr.iTia to the invention, xne uiuium 



are no 



10 



^ vt . tters according to the invention furthermore have the advantage that, being one- 
"Z do not exhibit the disadvantages of the energy transfer processes and 
C StSU of individual emitters to different extents and at different rates) 
of "differential ageing & *w w wte noint also referred to 

M«^<^^>^*^^.™*Z^ZZ<o be expected. 

• , cnocific colour location, different polymers according to 
the invenuon can be blended, for examp p v ^ lumineS cent 

witi, fcrTher phosphoresce* ^ fa m fte 

, be failed. The admrxrg ^ ^ essenMl 

all spectral components apart from the red. 

, read of using blends of phosphorescent and .undoes, polymers acenrding » the 
30 - * apphed > succession hr ^ooa ^ > order to achreve the 

conesponding co.our location semng or colour location option. 

TKe present — furore re.a.es ,o e,ec«>unnnescen, arrangements wmch contain*. 
The present mvcii according to the invention. The 

.eas, one phosphorescent or .unnnescen, *mj J-*- ^ 
35 phosphorescent or luminescent polymer according to the rnven 
material. 
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components may nevertheless be present. 

1« relates to electroluminescent arrangements which contain blends of 

10 polymers according to the invention. 

- « .ferablv relates to electroluminescent arrangements which additionally 
The present invention preferably relates io eic 

contain a hole-injecting layer. 
15 ^e „ partly preferably e,ectro«neseen, *■ - 




20 in Which 



25 



♦w resent hvdrogen, optionally substituted C.-CV 

m represents an integer torn 2 to 10 000, preferably ton, 5 .0 5 000. 

description of Ore preparauon of the dispersions or soluHon, used ran be found EP 



30 440 957 and DE-A 42 1 1 459. 
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intonation in EP-A 0 339 340, they can be prepared directly on earners. 



10 




G-a 



in which 



n> and O* independently of one another, represent hydrogen, optionally substituted (C.-Q,)- 
Q and Q , indepenaen y (Q-QjValkenyl, preferably 

; alkyl, preferably (Q-CW-alkyl, « particular (C,-C 6 ) alkyl, (C, », y 

VcTclalkenyl (CVC^ycloalkyl, preferably cyclopentyl or cyclohexyl, (C 7 -C, 5 )- 
S ^yKC^-aW (CO-aryl, preferably phenyl or naphthyl, 
aralkyl, pret P n . propoxy 

, 0 radical to be substituted by at least one sulphonate group, and 

m has the abovementioned meaning. 
C^onicorneu^po^Me^^ 

M b order to condensate the posinve charge, the canonic torn, of the po^ophenes contains 
anions, preferably polyanions. 

WeraWv u S ed po^ons are the anions of po lym eric carhop acids, such as poiyacryHc 
po^esulphonic acids and potyvinylsotphontc actds. These polycarb 
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polysulphonic acids m ay also be copolymers of vinylcarboxylic and vmylsulphonic acids with 
other polymerizable monomers, such as acrylic esters and styrene. 

The anion of polystyrenesulphonic acid is particularly preferred as an opposite ion. 

The molecular weight of the polyacids providing the polygons is preferably from 1 000 to 
2 000 000, particularly preferably from 2 000 to 500 000. The polyacids or their alkah metel 
salts are commercially available, for example polystyrenesulphonic acids and polyacryhc acids, 
or can be prepared by known processes (cf. for example Houben-Weyl, Methoden der 
10 organischen Chemie [Methods of Organic Chemistry], Vol. E 20, Makromolekulare Stoffe 
[Macromolecular Substances], Part 2 (1987), page 1 141 et seq.). 

Instead of the free polyacids required for the formation of the dispersions of 
polydioxythiophenes and polygons, mixtures of alkali metal salts of the polyaods and 
15 corresponding amounts ofmonoacids may also be used. 

An optionally present hole-conducting layer is preferably adjacent to the hole-injecting layer 
and preferably contains one or more aromatic tertiary amino compounds, preferably optumally 
substituted triphenylamine compounds, particularly preferably tns-l,3,5Kamino P hen y l)benzene 
20 compounds of the formula K 



25 




K 



30 



in which 

r' represents hydrogen, optionally substituted alkyl or halogen, 

R° and R 9 independently of one another, represent optionally substituted (C-C^-alkyl, 
preferably ( Cl -C 6 )-alkyl, in particular methyl, ethyl, n-propyl or isopropyl, n-butyl, 
isobutyl sec-butyl or tert-butyl, alkoxycarbonyl-substituted (C 1 -C 10 >alkyl, preferably 
(C-C^-alkoxycarbonyHC-QValkyl, such as, for example, methoxy-, ethoxy-, 



propoxy- or butoxycarbonyHQ-C^-alkyl, aryl, aralkyl or cycloalkyl, each of which is 
optionally substituted, preferably phenyHC-C^-alkyl, naphthyHQ-C^-alkyl, 
cyclopentyl, cyclohexyl, phenyl or naphthyl, each of which is optionally substituted by 
(C,-C 4 )-alkyl and/or by (C,-C 4 )-alkoxy. 
Optionally present substituents for the abovementioned radicals are to be understood as 
meaning, for example, straight-chain or branched alkyl, cycloalkyl, aryl, halogenoalkyl, 
halogen, alkoxy and sulpho radicals. 

R» and R 9 , independently of one another, particularly preferably unsubstituted phenyl or 
naphthyl, or phenyl or naphthyl, each of which is monosubstituted to trisubstituted by methyl, 
ethyl, n-propyl, isopropyl, methoxy, ethoxy, n-propoxy and/or isopropoxy. 

R 7 preferably represents hydrogen, (C,-C 6 )-alkyl, such as, for example, methyl, ethyl, n- 
propyl or isopropyl, n-butyl, isobutyl, sec-butyl or tert-butyl, or chlorine. 

Such compounds and the preparation thereof are described in US-A4 923 774 for use in 
electrophotography. The tris-nitrophenyl compound can be converted into the tris-aminophenyl 
compound, for example by generally known catalytic hydrogenation, for example in the 
presence of Raney nickel (Houben-Weyl 4/1C, 14-102, Ullmann (4) 13, 135-148). The amino 
compound is reacted with substituted halogenobenzenes in a generally known manner. 

In addition to the tertiary amino compounds, further hole conductors, for example in the form 
of a mixture with the tertiary amino compound, may optionally be used for producing the 
electroluminescent element. These may be, on the one hand, one or more compounds of the 
formula K, mixtures of isomers also being included, and, on the other hand, also mixtures of 
hole-transporting compounds having a different structure with tertiary amino compounds of the 
general formula K. 

A list of possible hole-injecting and hole-conducting materials is given in EP-A 0 532 798. 

In the case of mixtures of the aromatic amines, the compounds may be used in any desired 
ratio. 

An optionally present electron-transporting layer is preferably adjacent to the light-emitting 
layer and preferably contains Alq 3 (q = 8-hydroxyquinolinato), Gaq 3 , Al(qa) 3 , Ga(qa) 3 or a 
gallium complex from the group consisting of Ga(qa) 2 OR 6 , Ga(qa) 2 OCOR 6 or GaCqa^-O- 
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Ga ( qa) 2 , R 6 representing substituted or unsubstituted allcyl, aryl, arylalkyl or cycloalkyl and qa 
representing 



10 




qa 



The preparation of the gallium complexes is described in EP-A 949695 and DE 19812258 The 
electron-transporting layer can be applied by vapour deposition processes (e.g. Al*) or 
preferably by applying the readily soluble gallium complexes described from solution by spur- 
coating, casting or knife-coating. Suitable solvents are, for example, methanol, ethanol, n- 
propanol or isopropanol. 

In a particular embodiment, the electroluminescent arrangement according to the invention may 
contain a hole-blocking layer between light-emitting layer and electron-transporting layer. 
Preferably the hole-blocking layer contains bathocuproin (BCP) or TPBI (1,3,5-tnsfN- 



1 5 phenylbenzinridazol-2-yl]benzene) 






TPBI 



The electron-injecting layer consists of an alkali metal fluoride or alkali metal oxide or of an 
20 organic compound n-doped by reaction with an alkali metal. The electron-injecting layer 
preferably contains LiF, Li z O, Li quinolate, etc. 

The layers or layer present between hole-injecting layer and cathode can also perform a 
plurality of functions, i.e. a layer may contain, for example, hole-injecting, hole-transporting, 
25 electroluminescent (light-emitting), hole-blocking, electron-transporting and/or electron- 
injecting substances. 
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The top decide consists of a conductive subsh,nee which may be transparent Preferably, 
■nerais, e.g. Ca, Ba, Li, Sm, Al, Ag, Au, Mg, In, Sn, e,c, or afloys of two or more offi^r 

which can be applied by techniques such as vapour deposmon, sput.er.ng 
platinization, are suitable. 

5 Glass, very thin glass (flexible glass) or plashes are suitable as the transparen. substrate which 
is provided with « conductive layer. Particular* suitable plasties are: polyetnWes, 
powers, copolycarbona.es, polysulphone, polyemersulphone, polymode, poiyethylene, 
. Xylene or eyche polyolefins or eyelie olefin copolymers, hydrogenated styrene 
10 polymers or hydrogenated styrene copolymers. 

A preferred embodimen, of fire present invention relates to e.eet,„lummeseen. arrangement in 
which me elechrfiuntineseen. element is , rwo-layer structure comprising a hole-injecting and 
light-emitting layer. 

A further preferred embodiment of .he pmsen, invention rela.es ,o electmhuninescen, 
^gemems in which fir. e.eoholuminescen. Cement is a one-layer sharcmr. compnsmg a 
light-emitting layer. 

J0 in order to prevent degradation, in particular by atmospheric oxygen and water, the 
arrangement acceding to the invention can be eneapsu,a.ed * a matenat havmg £ 
diflusion bonier to oxygen and a*. Suimble materials are very mm glass (ftom Schofi 
Diaplayglas) and polymer ,anuna.e systems whieh may be coa,ed with - »,des or me». 
nitrides by vapour deposition (SiO„ A1.0,, MgO, Si,N„ e«e.; polyvmyl alcohol, Aolar , 
25 polyvinylidene difluoride, etc.). 

ha addition ,0 me phosphomscen. or luminesce™ pofeaners described in .be invention, the light- 
e^tting layer may contain further phosphorescent or lununeseen, po.ymem and/or conduce 
polymem Wn .o a person sWfled in me art in me form of a blend for improvmg me film 
formation properties, for adapting fire emission co.our and/or for influencing the charge earner 
U-anspor, properties. The blend polymers are usually used in an amount of up to 95, preferably 
up to 80,% by weight. 

The electrolunxinescent arrangements emit light of wavelengths from 200 to 2 000am, 
preferably from 400 to 800 nm, on application of a DC voltage in the range from 0.1 to 
100 volt preferably from 1 to 100 volt. Additional emissions in other spectral ranges ,s not 
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rol ed on, bu, has no influence on ft. vsuafly percep,ib,e co,„„ of -he hgh. endued a, 



a whole. 



5 



10 



15 



lasCT dM es in indoors or as dismays (TV, computer monitor), fo. bacxhghting of LC* and 
Z„es as fl.umm.tion efements, in <•* panels Hgh, soloes, as information »gns, . rnobde 
watcnes, a* nrp _ / e e washing machine, 

communication devices, in indicators foe household applies (eg. « « 

Tie paction of ft. e,ecti.,uminesc.n, Cedents in the anangements is 

^eCe according ,o the tirvention, the phosphoresce* oc hrminesoen, -r— 
polymers being applied 6om solution. 

- e the production of the electroluminescent element, .he phosphorescent or luminescent 
ZZTZZ* in a suitab* s„,ven, and is apphed to a surteHe substiate from solution, 
^ ^in-coating, casting, immersion, emitting, screen printing, hdtie, „ 
or offse, printing. Ovring to the higher process apeeds and fl— 
Tof wast, materia. produced, this method is advantageous compared wdh vapour 
Il^eg c4 vdnchar. used in the case of.ow molecular emitter mater* 

SU-i stiuomres wrthou, an expensive mash ,echni<,ue and Hd»gmphy processes. 

Suable soWents are alcohds, hetones, aromatic,, ha,„gena.ed aromatic, 
todroctnbons etc. or mixtures of drese. Prefaced solvent are toluene, o-/m-/p-xy.ene 
hydrocarbons, eu, solution concentrations of 

nitrobenzene di- and trichlorobenzene, chloroform, THF, etc. l ne som 



to 100 nm. 
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The substiare may be, for examp.e, glass or a plastics materia, which is provrded wnh 
™aTe.ecul The p.astics materia, used may be, for examp.e, a Mm of pedycarbona.es, 
^ZZ pJU- — « P*-*---^ copo.yearbona.es , 

po.yelersu,ph„„e, prdyhn.de, po,yetiry.ene, p„,ypropy.ene or cycltc po.yo.eBns 
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or cyclic olefn, copers, hydrogenaKd aycene powers « hydcogena-ed s,y™ 
copo yws. T*e S nb*a,e M y f— ,e be . iayer axemen, -** already c— one 
7JZ« *. ,aye,s , ,o ,0 (of. pa g c 2), prefecaWy . - 7, coined in *e ti— a 

Lctine of an EL — p— . * - »*. P-* « » ^ "* ~ " 
a plurality of these layers. 

i*» tianspace* *— -=. — <~* - — * "* ^ 
(NESA), * oxide, doped tin oside, doped zinc oride, e,c, sennnansp^en. e* 
l! » As.Cn, etc, conductive po.yMer fto, sueh a S poiydnophenes, polyandmes, e, . Tl« 
2Ls «2 nan^en. e.ectiode is tion, 3 nn. ,o ation, — pnr, pcefe^y ta I. - 
to 500 nm. 
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Examples 



determined by means of GPC (gel permeation 



All molar masses mentioned below were 



Iridium precursor complexes used: 
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rr 




"Q 






nr 
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CI 
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F 



U 2 



(PPy) 2 »r(H^l) 2 >' r (PPy)2 



(fpP) 2 ^(r*-C , )2lr(fPP) 2 









S 1 




I s 




2 







(thpy) 2 lr(^-CI) 2 «r( th Py)2 




(btz) 2 lr(^-CI) 2 lr(btz) 2 
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H 17 C 6 



C R H 



8 n 17 




B-l-1 



10 



, x <fn m o\ and silver trifluoromethanesulphonate (32.1 mg) in 
(ppy^CM-CD^ 67 mg) and srl ^ nifrogen ^ in Ae absenC e 

of Ught under reflux for * ^ ^(9,9^^1-2,7- 
filtration and the solvent had been dolled oil, g m . Mw = 88 100 (D 

flu orenyl)-eo-(2,5-pyrid y l)] (number of units A: number of umts *M ^ 

2 82V 200 mg) dissolved in a mixture of anisole and 2-ethoxyethanol (85.15) (25 ml) 
-2.82), 200 mg), reflux for 23 h under nitrogen. After the solunon had 

added. The solution was stored under reflux for 23 n d in 400 ^ of 

b een filtered and evaporated down to 13ml, the polymer "^^^^ 
me thanol. The subse.uent Soxhlet extraction 

vacuo, ^mgofmedesiredphosph^^^ * 
'H-NMR (400 MHz, « • ; - « « « ~ 2 ^ 

pWoto.csoence (to, fflm on ouom gl*» — . » - " 296 - * ^ 
20 ^ of to otor P*- **« 7— * * «" 



15 
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« u. - . p*- - » 2,1 " (9 ' 9 '" di '"" 



10 



15 




20 



25 



* «™ a lized (salicylaldehyde-n-hexylimine) poly-2,7-(9,9<-di-n-octyl)- 
Terminal group-fiinctionahzed (sancylai y rn T ^ tlrov w 65 mg ) and sodium 

njt - 8 400 (D = 2.1); 400 mg), (bmpy) 2 lr^-Cl) 2 Mbthpy)2 ™& 
fluorene(M w - 8 400 (D 4Q ^ a nitrogen atmosp here in a mixture 

carbcmate(14mg) were heated under^fluxf^O ^ ^ ^ 

of .^loroetnane 

r - — - c — ed (s f t r th ; 

silica gel (^thS^W- F . roMirk ozrz: of the desired 

p^uct were ^^^^^^^..^^^(ft^ 
^escenceunderaUVlamp. ^ ^ ^ ^ ^ ^ 

(s), 7.90 - 7.60 (H^*™), 7.53 (m), 735 (m) U Hoo.,*— * 

ftft 3 15 Cbr IW) 2.12 (m, )> 114 <*» ' » 

(d), 3.15 l^r, nNCH2^ , substrate, X« - 

GPC (CH 2 C1 2 ): M w = 10 500; photolummescence (tan film on quartz g 

372 nm), Wx - 612 nm; electroluminescence: .-612 nm. 
Examp le 2-b: Synthesis - a po^er * the — *-> 

aTm1e 2 -a but with terminal group-functionalized 
The procedure is analogous to example 2 a, 

v - ^ „oiv ? 7-T9 9'-di-n-octyl)fluorene (Mw = 35 200 CD 3.*;, 'w 

fihrous solid which produces intense red lummescence under me UV lamp 

« 3: Synthesis o, a polymer oC the general formula C-l (A, = ^-di-n- 
octyl)fl«orenyl, R 4 = bexyl, L = 2-(2-thienyl) P yridine (thpy)) 
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10 



15 




Terminal g^ftmcnonanznd ^ ' ^ 7 *1 

I M - 8400 (D - 2.1); 400 n>g), (flw^^W^ < 55 ^ md SOdU "" 

^S2T<S - — - — — <40mf, 

■r «1 (CH CM The prodnet fractions were combined and concerned (4 ml) end Ore 
m nrelhano, (300ml). After drying In vacuo, 332 mg of Ihe desired 
^ wem onLed as a yeUow^ noccdan. sohd which produce : we* ^ 
L— -der a UV lamp. 'H-NMR (CDC,, 400 MHz, ^ » " « «■ » " ™ 
(H_, 7.53 (m), 7.35 (m), 7.05 <d), 6.2 (m), 5,1 (d), 3,5 (br, « 2.12 (m, 
Hcm.„*~~», l-Mh Hc«,^«~».). 0-82 0, Hc,o„*..»~, 

Elampl . 4: Synlhes* of a pCymer of .he gene,., focmma C, 2,,-< W 
oetyonnnrenvl, R 4 -bBrt L - 2-phenyl-benz.tbl.zol. (bu» 




20 
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Termma. ^-funcoonahzcd (saHey.aldehvde-n-hexy.irnine) 

III 400 (0 - 2.1, 250 m g ), ^-0,^,(30 ->^-^ 

„0 mg) were healed nnder reflnx for 36 h under a nihogen ahnosphere m m««« of « 
di llmane (30 ml) and Chano, (6 ml). After eoohng, chlorofonn (40 ml) was added and 
1 eLled The Inhale was conceded and was chromalographed over srhcn ge, 
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(CH 2 C1 2 ) The product fractions were combined and concentrated (10 ml) and the product was 
precipitated in methanol (500 ml). After drying in vacuo, 1 80 mg of the desired product were 
obtained as an orange solid which produces intense orange luminescence under a UV lamp 
(366 nm). 'H-NMR (CDCI3, 400 MHz, TMS): 5 = 8.75 (d), 8.63 (d), 8.03 (s), 7.90 - 7.60 
(E « ) 7 5 - 7.3 (m), 6.87 (m), 6.73 (m), 6.62 (m), 6.41 (t), 6.26 (d), 5.99 (d), 3.48, 3.28 
(br, 1W), 2.12 (m, H^^e), 1.14 (br, H^^), 0.82 (t, 
Photoluminescence (thin film on quartz glass substrate, K> = 452 nm): X e „ « - 581, 614(sh) 
nm; electroluminescence X em , m * = 570(sh), 612 nm. 

Example 5: Synthesis of a red-phosphorescent polymer having repeating nnits of the 
general formnlae A and B-I-6 (Ar> = l^-dW-ethylhexyDfluorenyl, R = hexyl, L = 2- 
benzolb]thiophen-2-yl-(5-trinuoromethyl)pyridine(bthpy-cf3)) 





B-I-6 



Tbe random polyfluorene ligand copolymer containing 2,7-(9,9< -di-2-ethylhexyl)fluorene - 
A and 3 5-bridged uncomplexed salicyl-N-hexylimine units B-I-6 in the ratio 98.5 (A) : 1.5 (B- 
I 6) (M = 53 900 (D = 2.15)) (250 mg), (bthpy-cf3) 2 Ir0t-Cl) 2 Ir(bthpy-cG) 2 (11 mg) and 
sodium methanolate (0.8 mg) were heated under reflux under a nitrogen atmosphere m a 
nature of chloroform (15 ml) and methanol (1 ml) for 20 h. Worldng-up as in example 23 
gave 21 1 mg of fibrous yellow solid which produces intense deep red luminescence under a UV 
lamp. 

Evidence of the complexing from 'H NMR spectroscopy. 
Film emission spectrum: (K*c = 41 1 nm): Km, ™ = 64° m 

Example 6: Synthesis of a polymer of the general formula C-2 (Ar 1 = 2,7-9,9'-di-n- 
octyl)fluorenyl, R 5 = methyl, L = 2-(2-thienyl)pyridine (thpy)) 



Xenial groop-functionaliaed V^^^M9,™^>^JV- - 

7 600 (D - 1.8); 250 mg), (MM^M^ < 65 "* md ~ f ,3 st 

were snrrefi nnder reflux under a nitrogen adhere in 2-e.hoxyefl.nol (15 ml) for 
After cooling, water (30 ml) waa added, surring was effected and exaction was .hen effected 
Z*JL (3 a 30 ml,, me exacts were evaporated ,0 dryness and *»p 
chloroform and the prodno. was preened h y heing introduced mh. P--*£ 
chromatography over siliea gel (chiorofixm), Ore prodnc. fractions were evaporated down mt 
egain prated in methanol. After drying in vaeoo, ,7.S nrg of yellow-omnge flocculan 
ZZ wmch produces mtense orange luminescence nnder a UV lamp (366 nm) w„e 
^led. 'HNMR (CDC, 40, MHz, TMS): . - 8.44 (d,, 8.40 (d), 8,7 (d) 8.08 „ 
7.00 (H_), 7.31 (nt), 7.34 (m), 6.90 (nr), 0.25 (d), 0.23 (d), 5.98 (s). 2,2 (Or, 
rW M «™.), 1-98 (s), 1.14 (br, Hon. „*«*-.). »* «• >• 

„ 7= Synthe* of » P..vm.r .. «h. genera, formula C-2 (Ax" = .,W^ 
„c«vl>f...r»yl, R ! = meflry., L - 2 -be«z.lbHhlophen-2-y.-pyrldin. (b.hpy)) 




H 17 C 8 C 8 H 



'8 n 17 



5 



Tenninal gronp-fhnehonalrzed (4-benzoylacetone)poly-2,7-<9,9 < -di-n-ocryl)-fluorene (M« - 
,9 500 (D - 2.3); 300 mg) and (bmpyWr^Wrfbflrpy). (39 mg), dissolved m cUoroform 

Lt After coohng, ohWomt (20 nrl) waa added, fi.ha.ion waa effected and the filha* was 
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evaporated down. After chromatography over silica gel (dichloroxnethane), the product 
fractions were concentrated (5 ml) and precipitated in methanol (400 ml). After drying » 
vacuo 203 mg of orange flocculant product which produces intense red luminescence under a 
UV lamp (366 nm) were obtained. * NMR (CDC1 3 , 400 MHz, IMS): 8 = 8.53 (d), 8.48 (d) 
7 90 - 7.60 (H^^e), 7.40 - 7.30 (m), 7.09 (m), 6.98 (m), 6.84 (t), 6.30 (d), 6.27 (d), 6.02 
(s), 2.12 (br, Hcm.po^c), 1-96 (s), 1-14 (br, Hem, po*^), 0-82 (t, Hon, po,^)- 

Example 8: Synthesis of a polymer of the genera, formula C-2 (Ar> = 2,7-(9<><-di-n- 
oetyl)fluorenyl, R 5 = methyl, L = 4-iluorophenyl-2-pyridine (fpp)) 




Terminal group-funcuonalized (4-benzo y lacetone)poly-2,7<9,9^-n-octyl>fluorene (M w = 
19 500 (D = 2.3); 200 mg) and (fpp^-Cl^fpp), (23 mg), dissolved in chloroform (15 ml) 

! 5 were added dropwise under a nitrogen atmosphere to a solution of sodium methylate (1 .6 mg) 
in xnethanol (0.5 ml), stirred for 1 h at room temperature and then for 5 h under reflux. After 
cooling, filtration was effected and the filtrate was evaporated to dryness. The product was 
taken up again in dichloromethane and chromatographed over silica gel (dichloromethane). The 
product fractions were concentrated and precipitated in methanol. After drying in vacuo, 

20 192 mg of yellow product which produces blue luminescence under a UV lamp (366 nm) were 
obtained. 'H NMR <CDC1„ 400 MHz, TMS): 8 = 9.13 (d), 8.54 (d), 8.49 (d), 7.90 - 7*0 
7.40 -7.30 (m), 7,5 (m), 6.60 (d), 6.58 (d), 5.99 (s), 5.95 (m), 5.92 (d), 2,2 (br, 

HcHa.pCyfluo.ne), 1-97 (s), 1,4 (br, HCH2, po^ne), 0.82 (t, HcH3.po.yfluo.ne). 



25 Example 9 
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The substance according to the invention from example 2-a is used for producing an organic 
Hght emitting diode (OLED). The following procedure is adopted in the production of the 
OLED: 

1 . Cleaning of ITO substrate 
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10 



15 



. o i Afi FL Part No 253 674 XO) is cut into 50 mm x 50 mm 
no-coated glass (Merck Balzers AG, FL, Part No soluti on in 

ta a centrifuge. This rinsing ana drying process is repeated 10 hntes. 

About 10 ml of the 1.3 /o strengm p y substrate is 

r, • p TP AT 4083) are filtered (Millipore HV, ^m;. 
(Bayer AG, Baytron P, TP Al 4U»3j ar ,, ^w^ over the ITO-coated side of 

^ fiUprert solution is distributed over tne w 
then placed on a spin coater and the filtered solut, ^ 

nun. The layer thickness is 60 nm (Tencor, Alphastep 200). 

-H- 2 "» « ^ (M ' ,hPO " ' L wcanng «he turntable a, 300 tpm for 30 sen. 



20 



layer thickness is 150 nm. 
4. Application of the metal cathode 
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4 . Application of ft. metal c«noue ^ ^ ^ 

A elecflode » * *« T^ed in I inert gas glovebo* (Brann). 

deposition unit (Eflwards) used for fhis pwposo is nflepaled . . -> SJ 
Z substrate is P>aced v,flt the organic layer — - « fa 

diamefcr 2.5 nrnz). A 30 - thick Ca .oyer and ft. , . 200^ Agfc, 
.cession by vapor, deposition - » -porizanon ta. - a pressure 
vapour depositor rates are 10 A/sec for Ca and 20 A/sec for Ag. 

5 . characterization of the OLED w^Meads to a voltage source. The 

dechnde. The OLED -» ^ . . ^ ot ft* voltage. The specflal 

me ans of a photodtode (EG&G POWE* P specttOT1 e«er (Zeiss 

disorbution of the electrolunnnescence is fl.cn measured usmg g ^ 
MSG 501) All OLED characterizations are earned out „t a glovebox under 
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AboV e a voltage of 6 vol, e,ecu*mineace™e " *— *• "*« ° f 
etecrroluminescence is red and the maximum of me spectral eleOrolummascance dismbuhon . 
votage-mdependen, and is 612 nm (cf. fig..). The Cffi colour coordinate of the em.ss.oa arc: 
x = 0.660; y = 0.332. 

Fig. 1: Electroluminescence spectrum from example 9 
Comparative example 1 

The procedure is as in example 9, with the following difference n» the case of step 
10 (application of the emitter layer). 

3 Application of the emitter layer 

5 ml of a 1% by weight chloroform solution of a poly^.O'-di-n-oc^fluorena (cf. 
' atruomml formula) are filtered (Mil.ipore HV, 0.45 ,m) and diluted over the dried toy** 
„ pTayer The aup«n«»r« solufion ia .hen spun off by roofing the «om*b,e .,2 » 
subs*! coared in this manner ia dren dried a. 1 10°C on a hotplate for 5 mm. Tfie foul 

layer thickness is 250 nm. 

C 8 H 17 C 8 H 17 




Jn 

20 Poly^J^^'-di-n-octyOfluorene 

The colour of the electroluminescence in comparative example 1 is bluish, the maximum of the 
spectral electroluminescence distribution is 43 8 .5 nm (cf. fig. 2) and the CIE colour coordmates 
are: x = 0.164; y = 0.113. 
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Fig. 2: Electroluminescence spectrum from comparative example 1 

fc comparison with example 9, it is clearly shown here that the covalent linkage of the fr 
complexes to the polyfluorene ligand groups changes the emission colour. 

Comparative example 2 

The procedure is as in example 9, with the following difference m the case of step 
(application of the emitter layer). 
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3 Application of the emitter layer 

5 ml of a 1% by weigh, chloroform solution consisting of 97% by weigh, of poty-W W -dt- 
„^ 1)fl uorene (of. example 8) and 3% by weigh, of 

stt uctura. formula, a. Stored (Mfflipore HV, 0.45 ,m) and distributed over the dned Bayimn 
P Uyer. The supernatant solution is «hen spun off by routing the turntable a, 2 500 rpm for 150 
see. The subtle coated in this manner is tiren dried at 1 10°C on a hotplate for 5 nun. The .0*1 
layer thiclcness is 250 nm. 



10 
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Tris(2-phenylpyridine)iridium 

of this structure corresponds to that described in 



The electroluminescence spectrum , , ,q 0 « 

oompamnve example 1 (ef. fig. 2), i.e. fire apecmnn is identical .o .ha. of pure poly-2,7-(9,9 - 

di-n-octyl)fluorene. 

This exiles show, una. <he doping of fire po.yfluorene emitter polymer wfth Ir complexes by 
simple admixing does no. lead to the desired emission of me iridium complex. 

E „ m p,e 10= Sync..* of a P-lymcr .. .he genera, formula fla-l) (Ar' - Z.TW-d.-n- 
„ctyl)llu.r«»yl, R = bexyl, V - 4-fl«.r.ph«n,l-2-pvridtae (fpp)) 




m mg of Ugand polymer fining 4 mo.% of uncomplexed saheyLN-hexyhnune 
w 30 mg (0.026 mmol) of (ftp******* and 7.8 mg of soduun carbona,e (0.074 
Lo.) in a mixture of 42 ml of ,,2^chlome.hane and 8 ml of efiranol were stirred under 
reflux under a nitiogen atinosphere for 38 h. After fiUxation, the solution wa, evaporated .« 
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dryness and the residue was taken up in a little chloroform and chromatography over silica gel 
(CH 2 C1 2 ) The product fractions were concentrated (15 ml) and precipitated by bemg 
introduced into methanol (800 ml). Filtration with suction and drying under a vacuum from an 
oil pump gave 507 mg of product (yellow, fibrous). 

The polymer contains 4 mol% of terminal groups, i.e. the iridium complex concentration is 4 
mol%, based on the fluorene derivative fraction in the polymer. 

The product produces white luminescence under UV irradiation (366 nm). 
GPC (CH 2 C1 2 against PS): M w = 40 100. 

Characterization and detection of complexing by >H NMR (400 MHz in CDC1/TMS, 25 C). 

Example 11: Synthesis of a polymer of the general formula (Ia-1) (Ar> = 2,7-(9,9<-di-n- 
octyl)fluorenyl, R = hexyl, V = 4-fluorophenyl-2-pyridme (fpp) 

The synthesis is as described in example 10, with 200 mg of ligand polymer containing 2 mol% 
of uncomplexed salicyl-N-hexylimine terminal groups (M w = 71 300), 5 mg (0.004 mmol) of 
(fpp) 2 Ir(M-a) 2 Ir(fpp) 2 and 1.3 mg of sodium carbonate (0.011 mmol) in a mixture of 15 ml of 
l^ichloroethane and 2.8 ml of ethanol. The duration of the reaction is 38 h under reflux. 
After working-up, 123 mg of product were obtained (pale yellow, fibrous). 

The polymer is identical to that of example 10, but the polymer in example 11 contains only 
2 mol% of terminal groups, i.e. the iridium complex concentration is 2 mol%, based on the 
fluorene derivative fraction in the polymer. 

The product produces white luminescence under UV irradiation (366 nm). 

Characterization and detection of complexing by 'H NMR (400 MHz in CDCU/TMS, 25°Q. 

Example 12: Synthesis of a polymer of the general formula (la-D (Ar 1 = 2,7-(9^-oi-n- 
octyOfluorenyl, R = hexyl, V = phenyl-2-pyridine (ppy)) 
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5 



mo l% of uncomplexed salicyl-N4texylinune temunal groups (M. - 71 300) 4.3 V 

,5 ml of I***— and 3 ml of eunmol. Too durafion of to reacbon . 8 h under 
reflux. After workmg-up, 127 mg of the produe. were obtained (yefiow, fibrous). 

The product contains 2 nto.% of terminal groups, i.e. the urdium complex concentration is 2 
m.1%, based on .he fluorene derivative fraction in the polymer. 

The produe. produces white luminescence under UV irradiation (366 nn» 
c J ct erizafiona„dde,ecfionofcomplexmgb y 'H N MR(400MH,mCDCl ) ™s,2 5 C). 

Film emission spectrum: (X^ - 398 nm): K. - 439, 465, 550 nm. 

5 El omp.. 13= Steals a polymer of the genera, formm. <M> (Ar- - WM^* 
octyl)fl«ore»yl, R - hex,., L. 1 - phenyl-2-pyridine (ppy)) 

The orocedure is as in example 12, with 350 mg of ligand polymer containing 1 mol% of 
The proceaure is <■» r - ,22 600) 8 6 mg (0.008 mmol) of 

unoomplexed s alicyl-N-hexyluni»e termmal groups (M„ - 122 600) 8.6 ( _ 
, 0 JLr-CWKppy), and 2.2 mg of sodium ca*ona.e (0.02 mmo,) m a rmxmm o 25 nfl 
^cMoroemane and 4 m, of ethano,. The durafion of the reacbon ,s .8.5 h under reflux. 
After woridng-up, 284 mg of product were obtained (pale yeUow, fibrous). 

The pobymer is identical .0 that in example .2 bu, me product fiom example 13 contains only 
1} TJT« termina, groups, i.e. me Iridium cone— is 1 mo.%, based on me fluorene 
derivative fraction in the polymer. 

Elample 14; Syn.be* of , polymer bavfitg repeatrng of .be general formulae (le-D 
IdT-l) J- 2, W MU-n^,<l.ore»y, R = bexy., L 1 - 2-(2-,h I e»,,)pyr.d»« 

30 (thpy)) 




Tfre procedure is as described in example 10, with 300 mg of ligand polymer contauung 2 5 
moio/o of 3,5-linked uncomplexed salicyl-N-hexylimine repeating units which are ^random! y 
incorporated into the polymer (M w = 89 700), 17 mg (0.015 mmol) of (mpy^-CWthpy), 
and 1 7 mg of sodium methanolate (0.031 mmol) in a mixture of 1 ml of methanol and 30 ml of 
chloroform. The duration of the reaction is 12 h under reflux. After working-up was complete, 
the product was taken up again in CH 2 C1 2 (10 ml) and precipitated by being introduced mto a 
1:1 mixture of acetone and methanol (400 ml). Filtration with suction and drymg under a 
vacuum from an oil pump gave 232 mg of product (yellow, fibrous). 

The polymer contains 2.5 mol% of iridium complexes in the polymer main chain, based on the 
fluorene derivative fraction in the polymer. 

The product produces white luminescence on exposure to UV irradiation (366 nm). 
Characterization and detection of complexing by >H NMR (400 MHz in CDC1 3 AMS, 25 C). 

Example 15: Synthesis of a polymer having repeating units of the general formula (Ic-1) 
and (Id-1) (Ar' = 2,7-(9,9-di-n-octyl)fl«oren y l, R = hexyl, V = phenyl-2-pyridine (ppy)) 





C 8 H 17 



Tne procedure is as described in example 14, with 300 mg of ligand polymer contammg 2.5 
m ol% of 3,5-linked uncomplexed salicyl-N-hexylimine repeating units which are randomly 
incorporated into the polymer (M w = 89 700), 16 mg (0.015 mmol) of (ppy^Cl)^ 
and 1 7 mg of sodium methanolate (0.031 mmol) in a mixture of 1 ml of methanol and 20 ml of 
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ohiorofonn. The ***** »f - «-*" * 8,1 ^ " fl "' ^ W ° lkinS " U!> ' ^ " f 
product were obtained (yellow, fibrous). 

*^^«^-^-^- ta * ,p *-"" ,,, *** ,?i "*" 

5 fluorene derivative fraction in the polymer. 

^product produces white luminescence under ^^^^^ _ § _ 
Chalcterizati^^^ 

10 „ U: Synthesis o, a polymer having repeating ^ ^^^ 
and ad-D (Ar 1 = 2,7-(9,9'-di-n-octyDflnore n yl, R = hexyl, L - 4-fluorophenyl P y 

(fpP)) 





15 



20 



Tta procedure is as described in example 14, with 300 mg of ligand polymer containing 2^5 
ZZ ^d uncomplexed salicyl-N-hexylimine repeating units which are randomly 
mol/o of 3,5 lota* V (Q Q15 ^ (^frOi-CWfpp^ and 

incorporated into the polymer (M w - 89 700), i /.i mgv 

of sodium ******** (0.03< — 0 — -T- 1 - * " * * 

product were obtained (yellow, fibrous). 

THo po,ymer contains 2.5 mo>% of iridium complexes in me pmytner main chain, based on tire 
content of fluorene derivative in the polymer. 

Theproduc, produces white luminescence under UV irradiation (3« nmV 

Example ,7: Synthesis of a po^er having repeal »n«s of tit. genera, <£» 
30 and varies repeating unfls the genera, form.* <.«) <« ' ^ 



25 
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octyl)fluorenyl, R 
pyridine (bthpy)) 



= hexyl 



, l 2 = phenyl-2-pyridine (ppy) or 2-benzo[b]thiophen-2-yl- 




H, 7 C 8 



10 



15 



20 



Tb. procedure is as described in exarap.0 I*. 200 mg of ligand po ly raet 

ZLf 3 5-linked uncomplexed — " ™*™* 

Z^li - - P*- » - < 31 * ,"' 3 ™ 6 

7° L of — and 20 nd of cMorofonn. Duration - — - 8 » -~ 
working-up, 106 rag of product were obtained (yellow). 

«. polyrae, contains anogerae, 2.5 rao.% of indiran eorap.exe, in the po ly raer -I. **. 
Ld ondre eonten. of floorane derive in rae po»n*r. The pdyner — 
W*. eoraplexe, whieh have speedy different emission properhes: 
^indiLalicylirarae MM - VW^l"*^^^ 

chain The ratio of (ppyVKsaf) *> (btlW)«W»al) is abont 93 to 7. 

i ~,v.« Kv 'w NMR (400 MHz in CDC1/TMS, 25°C). 
Characterization and detection of complexnig by H NMK (4UU xv 

The product produces white luminescence under a UV lamp (366 nm). 

Example 18: Synthesis of a polymer of the general formula Cla-2) (Ar> = 2 M 2- 
ethylhexyloxy)phenylene, R = methyl, L. 2 = phenyl-2-pyridine (ppy)) 



10 



15 



The procedure is as described in example 14, with 250 mg of ligand polymer co—g 
2molo/„ of terminal oenzoylacetone ligand groups (M w - 48 300), 19mg (0.018 mmol) of 

to^O^ - d 3 «« of sodium methanolate (0055 ^ " 3 mWnW ' 

Ithanol and 1 5 ml of chloroform. Duration of reaction 22 h under reflux. After worlong-up, 
206 mg of product were obtained (pale yellow, fibrous). 

The polymer contains 2 mol% of terminal groups, i.e. the concentration of iridium complex is 2 
m0 l%, based on the content of phenylene derivative in the polymer. 

The product produces white luminescence under a UV lamp (366 nm). 
C^cterizationandd^ 

Film emission spectrum: = 370 nm): Xem = 413, 580 nm. 

Example 19: Synthesis of a polymer of the general formula (1-2) (Ar 1 = 2,5-(2- 
ethylhexyloxy) P henylene, R = methyl, V = 4-fl«oro P henyl-2- P yridine (fpp)) 




20 



25 



The procedure is as described in example 14, with 200 mg of ligand polymer contammg 
2 mol% of terminal benzoylacetone ligand groups (M w = 48 300), 18.5 mg (0.016 mmol) of 
(fpp^IrOx-CWfpp), and 2.5 mg of sodium methanolate (0.04 mmol) in a mixture of 1 ml of 
methanol and 20 ml of chloroform. Duration of reaction 12.5 h under reflux. After working-up, 
170 mg of product were obtained (pale yellow, fibrous). 
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m ^er contains 2 - of terminal groups, i.e. me concentration of rridium complex is 2 



mol%, 



based on the content of phenylene derivative in the polymer. 



C^cterizationandde^ 



Film emission 



Example 20: 



spectrum: - 373 nm): K. - "13, 597 m 



10 The polymer according to the invention from example .. ^^"^ 

1 Structure of the rrn substrates: 

„ ioJt^^^— ° f 20 ota,sq ^ m ^ ,s r „ 

^tnl substia.es and sinned by a photoresist — and subscuen, etchmg so 
fta, 2 mm wide and about 10 mm long ITO lands reman.. 

2 Qeaaag "f «" fTO substrates: „ 
20 * aub^l wiped man^nh acetone-impmgnated cloths and men clewed »» 

silicons Mucaao, solution in an ultiasonic - foe ,5 min. 7-«. me subsumes 
are rinsed 10 times with distilled water and men spun dry in a cenmfuge. 

3 ^IteiiaooftLii B mat r tag (hole-injection layer) 1H „„ mc 
Abo u, .^To^gu^my^ acrd sofction (H.C 

rr vrmn* P TP AI 4083) are filrered (Mrllipore HV, 0.45 pm). The cleaned 

~ tI supernal solution is men spun off hy routing tire — 

5 0 t over a period of 2 min with me cover Cosed. The substrate coa*d in 0n_ 

500). 

4 an pligjjg! of the emitter Egg flifht-emitting layer): 

The pcyu^eti^n^^ OH hy weigh* The so,uti» 

"(MiUtpore HV, 0.45 „m> and distifhuteu over the dried Baytron- P layer. The 
JLJL^a is men spun off hy rotating the tiuntahte a, 3 000 rpm over a penod of 30 



25 



30 



35 
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sec (Convac spin coater), the cover being xaised over the chuck after .10 sec. The subsfrate 
coated in this manner is then dned on a hotplate for 5 nun at 110°C. The total layer thickness 
comprising Baytron® Player and emitter layer is 150nm. 

5 Ap plication g fthg metal cathode: 

A metal electrode is applied by vapour deposition to the organic layer system. The^apour 
deposition unit used for this purpose (Edwards) is integrated in an inert gas glovebox (Braun> 
The substrate is placed with the organic layer facing downwards on a vapour deposition mask 

layer are applied in succession from two vaporization boats at a pressure of p = 10 Pa. The 
vapour deposition rates are 10 A/sec for Ca and 20 A/sec for Ag. 

6 rharacterizati™ nf the PLED: 

The tivo electrodes of .he organic LED am connected » . voltage source via elect™ leads. Th 
positive pole is connected to the ITO electrode and the negative pole is connected ,c .the metitl 
Cecttode. The OLED — and the e.echohmnne scence U_* 

flre voltage. The electtohnninescence is dented by means of a photodtode (EG&G C30809E). 
The vottage pulse duration is in each case 300 msec. The watting time berween Ore voltage 
pulses is 1 sec. The spectra, distribution of tire eleetix.luminescence (EL) is .hen measured by 
means of a glass fibre spec.rome.er card (Seaborne CDI-PDA). The lummance is measured by 

p^ of a lummance me.er (LS 100 Minolta). All OLED chamcterizations are earned ou. 

under inert conditions in a glovebox. 



Results, 12 y ^ curren t density is 1.3 A/cm 2 and the 

25 Above 4 V, electroluminescence is detectable. At iz v , me cui 

2 , «- • „ „ n v t. = 0 014 cd/A). The following CIE colour 
luminance is 180 cd/m 2 (efficiency at 12 V. r, u.ui« coy ; ^ 

coordinates are calculated from the electroluminescence spectrum (fig. 3): x - 0.28, y U J . 
The colour location is therefore close to the achromatic point and the emission appears white. 

30 Fig. 3 Electroluminescence spectrum from example 20 

Example 21: 

T„e po.yn.er acceding <o me invention fiom example .3 is tested as an emitter layer ta an 
35 OLED sttPCure. The procedure corresponds to ma. in example 20, with me exception of 
subsection 4: 
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4. Application of the emitter laver: 

The polymer described in example 13 is dissolved in toluene (1% by weight). The solution is 
filtered (Millipore HV, 0.45 fim) and distributed over the dried Baytron® P layer. The 
supernatant solution is then spun off by rotating the turntable at 600 rpm over a period of 30 sec 
with the cover opened (K. Suss RC-13 spin coater). The substrate coated in this manner is then 
dried on a hotplate for 5 min at 110°C. The total layer thickness comprising Baytron® P layer 
and emitter layer is 1 50 nm. 

Results: 

Above 4 V, electroluminescence is detectable. At 11.8 V, the current density is 300 mA/cm 2 
and the luminance is 260 cd/m 2 (efficiency at 11.8 V: j] = 0.087 cd/A). The following CIE 
colour coordinates are calculated from the electroluminescence spectrum: x = 0.29, y = 0.31. 
The colour location is thus close to the achromatic point and the emission appears white. 

Example 22: 



20 



The polymer according to the invention from example 12 is tested as an emitter layer in an 
OLED structure (OLED-a). For comparison, an OLED structure comprising pure polyfluorene 
which is blended with 2 mol% of bis(phenyl-2-pyridine)-iridium-(salicyl-N-hexylimme) is 
tested (OLED-b). The two emitter systems contain identical amounts (2 mol%) of Ir complexes. 




H 17 C e ' c 8 H 




^6 H 13 



25 



Polyfluorene 



Bis(phenyl-2-pyridine)-iridium- 
(salicyl-N-hexylimine) 



The procedure corresponds to example 20, with the exception of subsection 4: 



30 4§= Application of the polymer according to the invention from example 12 as an emitter 

laver 
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The polymer described in example 12 is dissolved in toluene (1% by weight). The 
solution is filtered (Millipore HV, 0.45 jim) and distributed over the dried Baytron® P. 
The supernatant solution is then spun off by rotating the turntable at 400 rpm over a 
period of 30 sec with the cover closed (K. Suss RC-13 spin coater). The substrate 
coated in this manner is then dried on a hotplate for 5 min at 110°C. The total layer 
thickness comprising Baytron® P layer and emitter layer is 1 50 nm. 

Application of the polymer blend as an emitter laver 

69.5 g (179.1 /xmol of fluorenylene repeating units) of the polyfluorene and 2.4 mg (3.4 
fimol) of bis(phenyl-2-pyridine)-iridium-(salicyl-N-hexylimine) are dissolved in 28.69 
g of chloroform. The solution is filtered (Millipore HV, 0.45 (im) and distributed over 
the dried Baytron® P layer. The supernatant solution is then spun off by rotating the 
turntable at 200 rpm over a period of 30 sec (K. Suss RC-13 spin coater). The cover is 
raised after 10 sec. The substrate coated in this manner is then dried on a hotplate for 5 
min at 1 10°C. The total layer thickness comprising Baytron® P layer and emitter layer 
is 150 nm. 

The layer structures OLED-a and OLED-b produced according to 4a and 4b are provided with a 
metal layer as cathodes, as described in example 20, by vapour deposition. 

20 

Result: 

Electroluminescence is detectable as soon as above 4 V in the case of OLED-a and only above 
5 V in the OLED-b. At 12 V, the current and the luminance are, respectively, 85 mA/cm 2 and 
170 cd/m 2 for OLED-a and, respectively, 500 mA/cm 2 and 1 10 cd/m 2 for OLED-b (efficiency at 
25 12 V: t, = 0.2 cd/A (OLED-a) and ti = 0.022 cd/A (OLED-b)). The following CIE colour 
coordinates are calculated from the electroluminescence spectrum: x = 0.38, y = 0.44 (OLED-a) 
and x = 0.35, y = 0.34 (OLED-b). 

This comparative example shows that the covalent bonding of the Ir complex leads to more 
30 efficient OLEDs than the mixture of the Ir complex with the polymer. For example, OLED-a 
exhibits 10 times higher efficiency than OLED-b. 

Example 23: Synthesis of a red-phosphorescent polymer of the general formula C-l (Ar 1 = 
2,7-(9,9'-di-n-octyl)fluorenyl, R 4 = hexyl, L = 2-benzo[b]thiophen-2-yl-pyridine (bthpy)) 



4b. 



10 
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Terminal group-fimctionalized (salicylaldehyde-N-hexylimine)poly-2,7-(9,9 < -di-n-octyl)- 
fluorene (M w = 48 700 (D = 2.3); 2 280 mg) containing about 2 mol% of ligand units, 
5 (bthpy)aIr(/x-Cl)2lr(bthpy)2 (1 14 mg) and sodium carbonate (24.7 mg) were heated under reflux 
under a nitrogen atmosphere in a mixture of 1,2-dichloroethane (160 ml) and ethanol (30 ml) 
for 40.5 h. Working up as in example 2-a, additional reprecipitation of the product from 
chloroform in acetone/methanol (1:1). 1 780 mg of fibrous yellow solid which produces intense 
red fluorescence under a UV lamp. 
1 0 Detection of complexing by ! H NMR spectroscopy. 
Electroluminescence: ^ ma* = 6 1 2 nm. 

Example 24: Synthesis of a red-phosphorescent polymer having repeating units of the 
general formulae A and B-I-6 (A 1 = 2,7-(9,9-di-n-octyl)fluorenyI, R 4 = hexyl, L = 2- 
15 benzo[b]thiophen-2-yl-pyridine (bthpy)) 




2 



The random polyfluorene ligand copolymer containing 2,7-(9,9 e -di-n-octyl)-fluorene units A 
20 and 3,5-bridge uncomplexed salicyl-N-hexylimine units B-I-6 in the molar ratio 97.5 (A) : 2.5 
(B-I-6) (M w = 119 400 (D = 3.43) (1 650 mg), (bthpy) 2 Ir0i-Cl)2lr(bthpy) 2 (110 mg) and 
sodium methanolate (9 mg) were heated under reflux under a nitrogen atmosphere in a mixture 
of chloroform (100 ml) and methanol (2.5 ml) for 21 h. Working-up as in example 23, but 
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reprecipitation of the product from chloroform in acetone/methanol (1:2). 1 430 mg of fibrous 
yellow solid which produces intense red luminescence under a UV lamp. 
Detection of complexing by *H NMR spectroscopy. 

5 Example 25: Synthesis of a red-phosphorescing polymer having various repeating units of 
the general formula A and repeating units of the general formula B-I-6 (Ar 1 = 2,7-(9,9-di- 
n-octyl)fluorenyl and 2,5-diphenylene[13.4]oxadiazole, R 4 = hexyl, L = 2- 
benzo [b] thiophen-2-yl-pyridine (bthpy)) 




10 A A B-I-6 

The random polyfluorene ligand terpolymer containing 2,7-(9,9 < -di-n-octyl)-fluorene units A-l, 

diphenyloxadiazole units A-2 and 3,5-bridge uncomplexed salicyl-N-hexylimine units B-I-6 in 

the molar ratio 75 (A-l) : 23 (A-2) : 2 (B-I-6) (M w = 67 000 (D = 2.17) (300 mg), (bthpy) 2 Ir0i- 
15 Cl)2lr(bthpy)2 (16.9 mg) and sodiinn methanolate (1.4 mg) were heated under reflux under a 

nitrogen atmosphere in a mixture of chloroform (20 ml) and methanol (1 ml) for 15 h. 

Working-up as in example 23. 163 mg of fibrous yellow solid which produces intense red 

fluorescence under a UV lamp. 

Detection of complexing by *H NMR spectroscopy. 
20 Film emission spectrum: (A^ = 399 nm): X em> max = 619 nm. 

Example 26: Synthesis of a yellow-phosphorescing polymer of the general formula C-l 
(Ar 1 = 2,5-(l-ethylhexyloxy)phenylene, R 4 = hexyl, L = phenyl-2-pyridine (ppy)) 




200 mg of ligand polymer containing about 5 mol% of terminal salicyl-N-hexylimine ligand 
groups (M w = 18 200; D = 1.99), 25.6 mg (0.024 mmol) of (ppy) 2 Ir0x-Cl) 2 Ir(ppy) 2 and 3 mg of 
sodium methanolate (0.055 mmol) in a mixture of 1 ml of methanol and 20 ml of chloroform. 
Duration of reaction 9 h under reflux. After working-up according to example 23, 130 mg of 
product were obtained (yellow powder). 

The product produces intense yellow luminescence under a UV lamp (366 nm). 
Characterization and detection of complexing by ! H NMR (400 MHz in CDCI3/TMS, 25°C). 
Film emission spectrum: = 446 ran): ^ = 580 nm. 

Example 27: Synthesis of a green-phosphorescing polymer of the general polymer C-3 
(Ar 1 = 2,5-(l,4-dioctyloxy)phenylene, R 5 = methyl, L = 4-fluoro-phenyI-2-pyridine (fpp)) 




C 8 H 17 

600 mg of ligand polymer containing about 2 mol% of terminal benzylacetylacetone ligand 
groups (M w = 22 100; D = 1.86), 28 mg (0.024 mmol) of (fpp) 2 Ir0i-Cl) 2 Ir(fpp) 2 and 2.7 mg of 
sodium methanolate (0.05 mmol) in a mixture of 1 ml of methanol and 30 ml of chloroform. 
Duration of reaction 26.5 h under reflux. After working-up according to example 23, 515 mg of 
product were obtained (yellow powder). 

The product produces intense green luminescence under a UV lamp (366 nm). 
Characterization and detection of complexing by ! H NMR (400 MHz in CDCl/TMS, 25°C). 
Film emission spectrum: (A, exc = 362 nm): A. em> max = 502 ran, weak residual fluorescence from 
conjugated polymer at 422 nm. 



-74 



Example 28: 

The polymers according to the invention from examples 23 and 24 are each tested as an emitter 
layer in an OLED structure. The OLED structures are produced by the procedure according to 
example 20. For comparison, two OLED structures comprising pure polyfluorene which is 
blended with 0.95 mol% (comparison 1) or 1.9 mol% (comparison 2) of bis(2- 
brazo|>]thiophen-2-yl-pyridine)-iridium-(salicyl-N-hexylimine) (bthpy) 2 Ir(sal) are tested. 




H 17 C 8 r C 8 H 17 



9e H i3 




10 



Polyfluorene 



(bthpy) 2 Ir(sal) 



Result: 



Polymer 
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Thick- 


Max. 
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Volt- 


Current 
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Effic- 


from 


strength 


ness of 


of the 


coordinates 


age 


density 


inten- 


iency 


example 


solution 


the 
polymer 
layer 


EL 
emis- 
sion 










sity 








nm 


nm 


X 


y 


V 


mA/cm 2 


cd/m 2 


cd/A 


23 


Toluene 


100 


612 


0.639 


0.323 


10.9 


20.0 


130 


0.65 


24 


Toluene 


100 


623 


0.656 


0.321 


9.5 


8.2 


98 


1.2 


24 


Toluene 


50 


617 


0.635 


0.319 


9.0 


340 


412 


0.12 


Comp- 


Chloro- 


100 


615 


0.510 


0.287 


10.0 


0.02 


« 1 


n.d. 


arison 1 


form 


















Comp- 


Chloro- 


100 


615 


0.557 


0.320 


10.0 


0.08 


« 1 


n.d. 


arison 2 


form 



















(n.d. = not determinafr 



e) 



15 The results show that high EL intensities and high efficiencies are achieved with the 
phosphorescent polymers according to the invention in OLED structures. Furthermore, the 
results show that EL intensities and efficiencies can be varied by changing the layer thickness. 
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Moreover, the results show that covalently bonded Ir complexes lead to substantially higher 
luminances at comparable voltages than molecular Ir complexes which were added as dopants 
to the same polymer matrix. The polymers (23, 24) according to the invention are therefore 
substantially more efficient than the polymers (comparisons 1 and 2) with molecular dopants. 



